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Abstract Species identification of five Dendrobium
plants was conducted using phylogenetic analysis and the
validity of the method was verified. Some Dendrobium
plants (Orchidaceae) have been used as herbal medicines
but the difficulty in identifying their botanical origin by
traditional methods prevented their full modern utilization.
Based on the emerging field of molecular systematics as a
powerful classification tool, a phylogenetic analysis was
conducted using sequences of two plastid genes, the ma-
turase-coding gene (matK) and the large subunit of ribulose
1,5-bisphosphate carboxylase-coding gene (rbcL), as DNA
barcodes for species identification of Dendrobium plants.
We investigated five medicinal Dendrobium species,
Dendrobium fimbriatum, D. moniliforme, D. nobile,
D. pulchellum, and D. tosaense. The phylogenetic trees
constructed from matK data successfully distinguished
each species from each other. On the other hand, rbcL, as a
single-locus barcode, offered less species discriminating
power than matK, possibly due to its being present with
little variation. When results using matK sequences of
D. officinale that was deposited in the DNA database were
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combined, D. officinale and D. tosaense showed a close
genetic relationship, which brought us closer to resolving
the question of their taxonomic identity. Identification of
the plant source as well as the uniformity of the chemical
components is critical for the quality control of herbal
medicines and it is important that the processed materials
be validated. The methods presented here could be applied
to the analysis of processed Dendrobium plants and be a
promising tool for the identification of botanical origins of
crude drugs.

Keywords Dendrobium spp. - matK - rbcL -
DNA barcoding - Phylogenetic analysis

Introduction

The genus Dendrobium, distributed in most Asian coun-
tries and Australia, belongs to the family Orchidaceae
[1, 2], and includes 900-2000 species [2]. In China, about
50 Dendrobium species have long been used in traditional
medicines [3]. Also in Japan, Kan-ro-in, a Kampo medi-
cine, consists of Dendrobium plants, referred to as Gan-
lou-in in the Chinese historical prescription book, Heji
Jufang. Although it has been reported that Dendrobium
plants have various pharmacological actions, including
anti-cancer, anti-oxidant, immune modulation, and vaso-
dilation effects [4], the chemical constituents that are
responsible for these activities have yet to be identified.
The fact that some Dendrobium species have been used as
a tonic for hundreds of years in China suggests that these
plants have potential for modern medicinal application in
Japan. Jin chai shi hu, ma bien shi hu, and tie pi shi hu are
listed in the latest Pharmacopoeia of the People’s Republic
of China [5]. According to Flora Reipublicae Popularis
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Sinicae (FRPS) vol 19 [6], the scientific names of these
species are D. nobile, D. fimbriatum, and D. officinale
(D. candidum auct. non Lindl. [7]), respectively.

Many kinds of processed Dendrobium herbs, sometimes
falsely sold as a more expensive variety, such as D. offi-
cinale, and numerous processed Dendrobium herbs with
vernacular names are distributed in the Asian markets,
making identification of their origin species more difficult.
On the other hand, it is essential that processed materials of
herbal medicine are validated from the point of view of
quality control. Thus, the identification of the plant source
as well as the uniformity of their chemical components is
critical for their use as herbal medicines.

It is known that many Dendrobium plants are morpho-
logically similar, making their identification based on
morphology very difficult, except during flowering, when
they can be easily classified. The most popular form of the
processed drug of Dendrobium is called “Fengdou” in
Chinese, and it appears in the shape of a small coil [3].
Identifying the botanical origin of such a processed drug is
difficult because during the process, the natural resource is
boiled, coiled, dried, and sometimes cut into pieces. As
little is known about the chemical constituents of Dendr-
obium species, chemotaxonomy has not been applied for
their botanical identification. Therefore, a reliable and brief
method for the identification of these plant species needs to
be developed for their further pharmaceutical utilization
and investigation.

Recently, molecular systematics in plants as well as
other organisms has been widely used for species identi-
fication and in the determination of phylogenetic relation-
ships. In plants, the genes for maturase (matK), for the
large subunit of the ribulose 1,5-bisphosphate carboxylase
(rbcL), and for the frnH-psbA intergenic spacer on the
chloroplast genome, are often used for molecular phylo-
genetic analysis [8-13]. For example, in a study using 1566
specimens of orchids in Costa Rica representing 1084
species, the matK sequence was shown to be useful for
species identification and reconstructing phylogeny [14]. In
addition to these three loci, several plastid DNA regions
(atpF-atpH spacer, rpoB gene, rpoCl gene, and psbK-psbl
spacer) [15] are also used in plant species identification.

Furthermore, the concept “DNA barcoding” has
emerged and was successfully applied for many animal
groups as an efficient species identification tool (e.g. [16]).
In 2009, the Consortium for the Barcode of Life (CBOL)
Plant Working Group has recommended the 2-loci com-
bination of rbcL plus matK as plant DNA barcodes, which
are sequences that vary extensively between species but
hardly at all within them [15]. The methodology of DNA
barcording could be applied to identify species, and to
provide taxonomic information in clarifying the evolu-
tionary relevance [17, 18].

@ Springer

In this study, five unprocessed medicinal Dendrobium
plants and data deposited in the DNA database of DDBJ/
EMBL/GenBank were used for species identification by
phylogenetic analysis. Based on the proposal of CBOL
Plant Working Group, we chose the two plastid genes,
matK and rbcL, to conduct our phylogenetic analyses for
assessing the intra- and interspecies relationship of the
Dendrobium species.

Materials and methods
Plant materials

Leaves or stems of medicinal Dendrobium plants were
collected from botanical gardens, individual cultivators,
and a field, which are listed in Table 1. Dendrobium spp.
noc-a to noc-c are Dendrobium hybrid cultivars of
D. nobile. Dendrobium spp. noc-a and b are strains that
were hybridized more than once. Both have different
evolutionary lineages but the details are unknown.
Dendrobium spp. noc-c is also a hybrid cultivar but its
lineage is unknown. For D. officinale, plant material was
not available in Japan. Therefore, the data deposited in the
DNA database of DDBJ/EMBL/GenBank was used.

Isolation of DNA, amplification, and sequencing

Genomic DNAs were extracted from fresh plant samples
by DNeasy® Plant Mini Kit (QIAGEN). Synthetic oligo-
nucleotides for polymerase chain reaction (PCR) primers
were obtained from Nihon Bioservice (Saitama, Japan).
The primer sets used for amplification of matK and rbcL
gene were as follows: OMATIF (5'-CCGTTMTSACCAT
ATTGC-3') and trnK-2R (5-AACTAGTCGGATGGAGT
AG-3') for matK [19]; aF (5-ATGTCACCACAAACAGA
GACTAAAGC-3') and cR (5-GCAGCAGCTAGTTCCG
GGCTCCA-3') for rbcL [11] Using Ex Taq® Hot Start
Version (TaKaRa Bio.), PCR was carried out with the
above primer sets and DNA (approximately 5-55 ng) as a
template. The PCR conditions were 30 cycles of denatur-
ation at 98°C for 10 s, annealing at 55°C for 30 s, and
extension at 72°C for 1 min. The PCR reaction products
were separated by agarose gel electrophoresis and purified
by Wizard® SV Gel and PCR Clean-Up System (Promega).
The purified DNA was ligated into a T-vector using
pGEM®-T Easy Vector System (Promega) and Escherichia
coli DH5x COMPETENT high (TOYOBO) was trans-
formed with the resultant plasmid. Plasmids were isolated
by illustra™ plasmid Prep Mini Spin Kit (GE Healthcare
Bioscience). At least three clones were obtained for each
species and used for sequencing. Sequencing was carried
out by ABI 3100 Avant and 3130xl Genetic Analyzer
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Table 1 Plant materials of Dendrobium species examined in this study

Taxon Identifier Source Accession no.
Abbreviation Collection site Wild/market ~ matK rbcL

D. fimbriatum Hooker KK fitk Thailand, KKC Market AB519776  AB519784
D. moniliforme (Linn.) Swartz SM mot Tochigi Pref., SMC Wild AB519775  ABS519786
D. moniliforme (Linn.) Swartz n/a mom Mikurajima, SMC Market ABS519773 AB519788
D. monilforme (Linn.) Swartz n/a mok Kagoshima Pref., SMC Market AB519774 ABS519787
D. nobile Lindley KK notk Thailand, KKC Market ABS519772 AB519785
D. pulchellum Roxburgh ex Lindley KK putk Thailand, KKC Market AB519778 AB519790
D. pulchellum Roxburgh ex Lindley = HB puth Thailand, HBG Market AB519777 ABS519789
D. sp. noc-a A noca Okayama Pref. Market AB519779 ABS519791
D. sp. noc-b A nocb Okayama Pref. Market ABS519780 AB519792
D. sp. noc-c A nocc MPG, unknown Market AB519781 AB519793
D. tosaense Makino KK totb Kagoshima Pref., STC Wild AB519770  AB519782
D. tosaense Makino KK tosk Shikoku, KKC Market AB519771 AB519783

All voucher specimens are deposited in Satake laboratory at the Ochanomizu University

KK Karasawa, Kohji; SM Satake, Motoyoshi; n/a results matched but final identification by experts only at next flowering period, HB The
Hiroshima Botanical Garden, ID no. 5477; A Hybrid Cultivars of D. nobile; SMC Satake Collection; KK C Karasawa Collection; HBG Hiroshima
Botanical Garden; STC Seki Collection; MPG Medicinal Plant Garden of Showa Pharmaceutical University; unknown unknown origins

(Applied Biosystems) using BigDye® Terminator v1.1 and
v.3.1 Cycle sequencing kits (Applied Biosystems). Each
procedure using the kits was carried out following the
manufacturers’ instructions. The nucleotide sequences of
matK and rbcL reported here had been submitted to the
DDBJ/EMBL/GenBank database and their accession
numbers are listed in Table 1. In this study, the obtained
sequence of each gene excluding the primer sequence was
considered to be the full-length sequence of the genes.

DNA sequence data analysis

DNA sequences obtained from matK and rbcL were
aligned with ClustalW [20]. The Neighbor-joining (NJ)
method [21] was selected for the construction of phylo-
genetic trees. Maximum Composite Likelihood method
[22] was used for computing the evolutionary distance. The
output data was processed using MEGA4 [23] to draw the
phylogenetic trees. A total of 1000 bootstrap replicates
were calculated for the NJ tree construction [24].

Results

First, two species classified in the Chinese pharmacopoeia,
Dendrobium fimbriatum and D. nobile, were chosen. The
most important medicinal Dendrobium in China, D. offi-
cinale, was not available in Japan. Therefore, we used the
sequence data deposited in the DNA Database of DDBJ/
EMBL/GenBank for comparison. Second, D. moniliforme
and D. tosaense were chosen because these were Japanese

native species that have a history of medicinal use and had
been exported from Japan to China in the early twentieth
century [25]. Lastly, D. pulchellum, which is widely found
in Southeast Asia as well as in India [1, 2] and considered
as a medicinal Dendrobium, was studied.

Phylogenetic tree analysis

For the twelve samples containing the five Dendrobium
species (Table 1), the PCR-amplified fragments of both
matK, including parts of the trnK intron, and rbcL genes,
were sequenced. The full-length matK gene ranged
between 1870 base pairs (bp) and 1879 bp, and that of rbcL
was 1324 bp long. The number of nucleotides in the vari-
able site between each pair of species is shown in Table 2.

The phylogenetic tree from the matK sequences
including parts of the rrnK intron showed that each species
formed clearly distinctive clades (Fig. 1). D. nobile (notk)
and three hybrid cultivars of D. nobile formed one clade
(D. nobile group) although a genetic distance between notk
and the other species was detected. The analysis of the
phylogenetic tree constructed from matK without the trnkK
intron revealed that species clustering was not affected by
the discarded sequence (data not shown). When using the
3'-half of the matK sequence without the #rnK intron, the
phylogenetic tree resulted in a clustering pattern similar to
that of the full-length matK, although the genetic variation
among D. nobile group was absent (data not shown). To
compare the sequences obtained from the present study
with other sequences deposited in the DNA database, a
phylogenetic tree was constructed from partial matK
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Table 2 Number of

nucleotides in the variable site matK
between species for full-length fitk notk mot mom mok putk puth noca nocb nocc totb tosk
sequences of matK (upper) and
rbcL (lower) fitk - 19 17 17 17 14 14 16 16 16 20 20
notk 5 - 9 9 9 23 23 3 3 3 11 11
mot 6 3 - 0 0 21 21 6 6 6 9 9
mom 6 3 0 - 0 21 21 6 6 6 9 9
mok 8 5 2 2 - 21 21 6 6 6 9 9
P 1L 3 2 3 3 S - 0 20 20 20 24 24
_puth 4 3 4 4 6 1 - 20 20 20 24 24
noca 37 38 39 39 4] 36 37 - 0 0 8 8
nocb 7 2 5 5 7 4 5 40 - 0 8 8
nocc 6 1 4 4 6 3 4 39 3 - 8 8
Ref — totb 3 2 3 3 5 0 1 36 4 3 - 0
efer to Table 1 for
abbreviation of samples Ik 3 2 3 3 S! 0 1 36 4 3 0 ~
mok ~ 66 tosk
% o o monilforme —_‘wtb D. tosaense
EF221847
72’_ mot J FJ794044
fosk h o FJ216653
100 |[totb - fosaense FJ764048 D. officinale
J o7 |F794045
"ok . nobite FJ794046
noca ) 2 nobis FJ794047
as |nocb g‘;gngygjrll!?var group FJ794048
o of D. nobile) FJ794049 J
= FJ794050
fitk j D. fimbriatum r — FJ216654
100 puth ) mok D. monilform
9T{pulk D. pulchellum 59‘ - moniigrme
J 88 | mot
! FJ216657 .\
0.001 A FJ216636
FJ794053
Fig. 1 Phylogenetic tree from full-length matK including partial ———
trnK intron of 12 strains of five Dendrobium species. Bootstrap values F 794082
(%) are shown on each branch. The indicated scale represents 0.001 N rrrsnsa D. nobile D. nobile
nucleotide substitution per site — o
. . FJ216665
sequences (Nt. 537-1341, Fig. 2). In Fig. 2, most of the D,
species formed distinct clades as shown in Fig. 1. Inter- “ otk
noca
estingly, sequences from D. tosaense and D. officinale ot bl
excluding D. officinale AF445449 formed one clade. e ] of D:nobie)

The phylogenetic analysis using full-length rbcL AF448863 h O
sequences showed no species discrimination power e » B
between D. pulchellum and D. tosaense (Fig. 3). In addi- AFa4saag 1D officinale
tion, a hybrid cultivar of D. nobile, was not positioned — E::: j 0. puicheltan
within the clade of the D. nobile group formed from
D. nobile and other hybrid cultivars of D. nobile (noc-b and f—i

0.0005

noc-c). These results were also obtained in the phyloge-
netic tree constructed with partial rbcL sequences
(Nt. 1-697) that were available in the database (Fig. 4).
D. officinale (FJ216567) was located in a clade formed
from D. tosaense but also in the clade from D. pulchellum.
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Fig. 2 Phylogenetic tree from partial matK (Nt. 537-1341) of 35
strains of six Dendrobium species. Bootstrap values (%) are shown on
each branch. The indicated scale represents 0.0005 nucleotide
substitution per site
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D. moniliforme

7 D. robile
B . D. nobile
iD. sp. Hybr{d igroup
{ (Hybrid cultivar;
“of D. nobile) -
JD, pulchelium

JD. fosaense

jD. fimbriatum

noca’; D. sp. Hybrid
= (Hybrid cultivar
of D. nobile)

=y
0.002

Fig. 3 Phylogenetic tree from rbcL of 12 strains of five Dendrobium
species. Bootstrap values (%) are shown on each branch. The
indicated scale represents 0.002 nucleotide substitution per site

D.nobile ;D. nobile
igroup

1 D. sp. Hybrid
. (Hybrid cultivar
of D. nobile)

D. moniliforme

]DA puichellum
D. tosaense

0. officinale

]D. fimbriatum

I: noca

0.005

1 D. sp. Hybrid
(Hybrid cultivar
of D. nobile)

Fig. 4 Phylogenetic tree from partial rbcL (Nt. 1-697) of 18 strains
of six Dendrobium species. Bootstrap values (%) are shown on each
branch. The indicated scale represents 0.005 nucleotide substitution
per site

Discussion

Our study showed that species identification of Dendrobi-
um plants was possible using phylogenetic analyses con-
structed from matK sequences. Using the 3’-half of marK
sequences (Nt. 944-1616), which is comparable to that of
the full-length sequences, also had species discrimination
power. Thus, as suggested by Lahaye et al. [14], the 3'-half
of the matK sequence alone was useful for species identi-
fication of Dendrobium plants.

As shown in Fig. 1, among the species found in Honshu,
Japan, D. moniliforme and D. tosaense, which seemed to
have diverged later in time, were found as distinctive
species in different clades. The closest species to these two
species was the nobile group, although D. nobile formed a
distinctive clade from the two species. D. fimbriatum and
D. pulchellum which are morphologically categorized in
the Holocrysa Section [1], are considered to be apart from
the above three species, D. moniliforme, D. tosaense, and

D. nobile. These three species are categorized in the
Dendrobium Section [1]. D. fimbriatum and D. pulchellum
also formed distinct clades from each other. These results
demonstrate that a phylogenetic analysis using the matK
sequence is a useful tool for the species identification of
five Dendrobium plants.

In contrast to using the matK sequence, the phylogenetic
tree from rbcL sequences had less species discrimination
power. It was not possible to distinguish between D. fo-
saense and D. pulchellum (Fig. 3). These two species are
classified as species in different sections, those of Dendr-
obium and Holochrysa, respectively [1]. The failure of
species discrimination with the rbcL sequence could be due
to its slow nucleotide substitution rate in comparison with
other nuclear genes leading to a functional constraint that
reduces the evolutionary rate of nonsynonymous substitu-
tions [26]. From Fig. 1 and 3, we concluded that the matK
sequence alone is probably sufficient to distinguish among
these five species.

We also conducted a phylogenetic analysis of D. offi-
cinale and D. tosaense and the results pointed to the high
likelihood of their being in the same clade (Fig. 2). D.
officinale is one of the most popular and rare medicinal
Dendrobium species in China [27], and D. tosaense was
thought to be distributed mainly in Japan and Taiwan [28].
Based on morphological and biogeographic information,
some researchers have regarded them as two different
species [6, 28, 29], while Wood saw them as a common
species [1]. Our phylogenetic analysis using matK data
showed that the two species were positioned within a
common clade (Fig.2). The latest morphological and
biogeographic information (refer to [2, 6, 30]) show that
these two species seem to be identical and our results did
not contradict this. Further sequencing of numerous data
samples collected from various regions and data from tra-
ditional approaches, could finally confirm their common
identity. As a whole, species identification by molecular
phylogenetic analysis will help resolve the ambiguity of
plant origins of crude drugs.

Regarding the rbcL sequence, the phylogenetic tree
from the rbcL data showed that the hybrid cultivar, noc-a,
was distantly positioned from the clade of D. nobile group
(Fig. 3). This strain is a hybrid derived from D. nobile and
is considered to have undergone many hybridization
events, which may have caused this positioning on the
phylogenetic tree.

In this investigation, the relationship between five
medicinal Dendrobium species based on phylogenetic tree
analyses constructed from matK and rbcL genes was clar-
ified. With regard to species discrimination, matK rather
than rbcL offered a higher resolution and was better suited
in identifying medicinal Dendrobium species. Although
phylogenetic analysis is a brief and rapid method, and a
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powerful tool for species identification, there were still
some ambiguities. Nevertheless, using a large sample of
sequence data accumulated from a wide range of regions
can improve the significance of the results. Overall, the use
of the matK sequences as barcodes for the first identifica-
tion process was confirmed to be very efficient. Combining
data from phytochemical analysis could help standardize
the species identification process of medicinal Dendrobium
plants.
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